The deterrence hypothesis predicts that the introduction of a penalty for a specific behavior, which leaves everything else unchanged, will reduce the occurrence of that behavior. We present here the result of a field study of this hypothesis, conducted in a group of day-care centers in Israel.
Introduction
Suppose you are a manager of a day-care center for little children. The daycare is scheduled to operate every day until 16:00, when the parents of the children are supposed to come and collect them. However, quite frequently parents arrive late to collect their child, forcing you to stay for some extra time in the day-care after working hours. You are considering few alternatives in order to reduce the frequency of parents coming late. A natural option, which is commonly used in other situations, is to introduce a fine: every time a parent will come late, (s)he will have to pay a fine. Will that reduce the number of parents coming late?
This prediction seems extremely plausible. It is also commonly made in two distinct fields of research: the legal and criminal studies, on the one hand, and psychological studies on the other. In our field study, this prediction is violated: the observed relationship is significant and positive.
In particular, we study the effect of fines on the frequency with which parents arrive late to collect their child. Our data includes observations of 11 day-care centers over a period of 20 weeks. In the first 4 weeks we simply observed the number of parents that arrive late every week. At the beginning of the fifth week, a small fine was introduced in 7 out of the 11 day-care centers. In the other 4 day-care centers no fine was introduced, and they serve as a control group. The fine was imposed on parents coming late 10 minutes or more. The result of introducing the fine was a sharp and significant increase in the number of parents coming late. This increase was more or less stable over the 12 weeks period in which the fine was imposed.
At the beginning of the 17th week, the fine was removed. For the remaining 4 weeks we observed the removal of the fine had no effect on the number of parents coming late. This number remained on the same level as it was when the fine was active and higher than in the initial 4 weeks.
We do not claim that every time a fine is introduced the effect is similar. It is easy to speculate that with a very large fine that no parent would have come late. What this field study teaches us, we believe, is that introducing fines changes the perception of people regarding the environment in which they operate. In particular we argue that, like in many real-life situations, the environment in our study is defined by an incomplete contract. In the specific situation we are considering, the exact consequence of the behavior of the parents was not specified in all detail. For instance, there was no precise set of clauses specifying what would be the consequence of one, two or several occurrences of a delay. Parents could form a belief on that, as they probably did, and act accordingly.
The introduction of the fine into this incomplete contract reshaped the perception of the parents regarding this environment. The precise form and way in which this change takes place is only beginning to be understood: this field study is a step in this direction.
Related literature
To contrast this result with the literature we have just mentioned, we proceed first with a discussion of theories and evidence in two different fields of research: legal studies and psychology. We do this for two reasons. First, we think that the evidence we present sheds some light on the relative merits of two main competing explanations. Second, we suggest that the explanation we present for the seemingly paradoxical behavior of the parents is new.
Crime and punishment
Two main theories are used in the field of legal studies to justify punishment.
The first is the deterrence theory, which justify punishment as deterrent of future crimes, and is grounded on the assumption that a higher expected punishment produces lower criminal behavior. The second motivation for justification for punishment is retribution for the past crime. Unlike the retribution theories, the deterrence theory can be phrased as an empirical hypothesis. One can test whether prediction that more severe, faster, and more certain punishment produces a decrease in the level of crime.
The literature presenting the deterrence argument goes back at least to Beccaria, Bentham, but also Blackstone (1765 -1769 . This hypothesis has received new strength from major contribution from law and economics. Some of the fundamental papers are Becker (1968) , Stigler (1970 ), Ehrlich (1973 , Harris (1970) . The literature elaborating on these initial contributions is very large: a review has been given recently by Ehrlich (1996) . It is important to recall that the economic analysis of the effect of a punishment on behavior is not direct, and requires instead a complete specification of the market forces. The equilibrium level of crime is determined by the intersection of a supply and demand curve, and the effects of punishment are determined in the general equilibrium. A change in one of the parameters, like the level of punishment, changes the decision problem of the single agent (and this fact would tend to reduce his preferred level of crime). But it also changes the problem of the others, and their reactions, and therefore again the problem of the single decision-maker. The overall result might not be the reduction one might have anticipated by considering the problem of the agent in isolation. For example, this reduction might be smaller because some have withdrawn from criminal activity, and the returns of crime for you have gone up.
A similar point, in a game theoretic model, has been recently raised by Tsebelis in a sequence of papers: see Tsebelis (1989 Tsebelis ( ), (1990a Tsebelis ( ), (1990b Tsebelis ( ) and (1990c . It may be useful to recall here the main idea in a simple model. Tsebelis considers a game between the police and the public. The public may or may not violate a speed limit and the police may or may not enforce the laws against speeding. If the police do not enforce, the public will violate the speed limit. If the police do enforce, then the public will not commit violations: so the game has no pure strategy Nash equilibrium. It has mixed-strategy equilibrium. The probability that the public will commit violation is given by the condition that the police are indifferent between enforcing or not. This condition insures that this probability only depends on the payoff of the police. In particular it will not change if, for instance by introducing punishments, the payoff of the public changes. Hence the conclusion of Tsabelis is that " Penalty has no impact on 1 If we turn to empirical analysis, a systematic study of the effect of punishment on crime was developed in the seventies (for a review of this earlier work see Cook (1980 ), Gibbs, (1975 , Zimrig and Hawkins (1973) ), and is still in progress. It has reached levels of passion in the debate on the effectiveness of the death penalty, as in the exchange around the 1978 report of the National Academy of Sciences: see Blumstein, A. Cohen, J. and Nagin, D. (1978) , and the comments in Ehrlich and Mark (1977) .
Evidence has piled up on the side of those denying and those asserting the deterrence effect. See as examples of the second Ehrlich (1973 ), Carr-Hill and Stern (1973 , Phillips and Votey (1975) , Wolpin (1978a Wolpin ( ), (1978b , Yu, J. and Liska, A., (1993) , Yu (1994) , Imrohoroglu, Merlo and Rupert (1997) . As examples of the first, see the evidence presented in Blumstein, A. Cohen, J. and Nagin, D. (1978) , Avio (1979) , Hoenack and Weiler (1987) , as well as the evaluation in McManus (1985) . A survey of this literature is given in Liska (1987) . Few would claim however that deterrence has no effect, in all cases. The disagreement is on how large the effect is, and what form is more or less effective. For the purpose of the discussion of our results, it suffices to note here that none of these important refinements of the deterrence idea explains, or even considers, the possibility that a penalty might produce an increase in the behavior that is penalized.
Behavior and punishment
The literature in psychology on this topic is also very large, and is textbook material (for a clear exposition, see Bandura (1969) , or more recently Schwartz (1984) ). The first to study systematically the connection is Thorndyke (1931 Thorndyke ( ), (1932 .
In his early work punishment represents one half of the Law of Effect: punishment decreases the likelihood of the behavior that produces it, just as a reward increases the likelihood of an action that produces it. Later Thorndyke himself put into doubt the punishment side of the Law of effect. A first test of these conflicting views was given in Estes (1944) : his experiments showed that while punishment depressed behavior, it only did it in a temporary way. In addition, this depression was taking place independently of the behavior of the animal (the subjects in his experiments). A host of studies followed, and the conclusion is still controversial.
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This large body of literature agrees on few general findings. When negative consequences are imposed on a behavior, they will produce a reduction or a cessation of that particular response. When those negative consequences are removed, the and Rasmussen (1991), Ordeshook (1990) , Rapoport (1990 ), Tullock (1991 . 2 Detailed studies of the different effect of intensity, duration, frequency and conditions of negative consequences are in Azrin (1956 Azrin ( , 1959 Azrin ( , 1960 , Azrin and Holz (1966) , Chapman (1962) , Church (1963) , Powell and Azrin (1968) , Rotemberg (1959) , Solomon (1964). behavior that has been discontinued will tend to reappear. In some conditions, however, the modification of behavior may become permanent. The changes induced by the punishment may be enduring changes or not, according to several factors. It may change depending on the severity of the punishment, on whether it is associated with the stimulus or only with the actual behavior, and so on. A punishment is most effective in reducing a behavior when it is certain, and it follows immediately that behavior. Finally, adaptation tends to develop to the punishment itself. So if the severity and other parameters of the punishment are left unchanged, its effectiveness tends to decrease over time.
A direct comparison of the results of this evidence with our particular experiment would be misleading. That literature deals with the behavior modification following the introduction of some punishment, as a long lasting effect. In addition, the effect is rarely considered as mediated by foresight of the subject (an exception is the work of Bandura (1969) and in general the Social Learning Theorists.
Some of the experiments arising from the cognitive dissonance and in general the cognitive approach are more directly relevant. For instance the studies of Aronson and Carlsmith (1963) and Freedman (1965) try to determine the difference in the effect of punishments of different sizes. In the Aronson and Carlsmith study children were forbidden to play with a specific toy, under the threat of a mild or more severe punishment, and their liking of the toy was then tested. The hypothesis these experiments are testing, and partly support, is that a mild punishment may have longer and more lasting effects. The reason for this: the incongruous behavior (of not playing with a toy under a mild threat) induces, to eliminate the cognitive dissonance, the children to think that the desired object is not so worthwhile after all.
Finally, the issue of the effect of punishment on motivation and behavior is of course related to the parallel one of the effect of rewards on motivation and performance. Suppose that in a contractual relationship you introduce a reward, which is conditional on performance. Even if the reward is small but leaves unchanged all the remaining terms of the contract, it should produce an increase in performance. The literature here is also very large (see Cameron and Pierce (1994) , and Eisenberger and Cameron (1996) for recent review and evaluations of the experimental evidence). The conclusions in this direction are even less firm than in the case of punishments.
We may now turn to the report of our study and of the results.
Procedure

Background
There are two types of day-care centers for children in Israel: private and public. This study was conducted in 11 private day-care centers in the city of Haifa, from January to June 1998. All centers are in the same part of town, with no distinct features that we are aware of between them. In these day-care centers the owner is also the principal. A diploma, which is achieved after two years of studies, is needed in order to be a principal. In all the day-care centers studied the manager stays in the day-care until 13:00. After that time the assistants are in charge. During the day children are organized into groups according to the age, from one to four years old. The maximum number of children allowed in each daycare is 35, with some exceptions of additional few more children. The fee for each child in the center is NIS 1,400 per month (about $380 at the time of the study).
In the contract signed at the beginning of the year it is written that the day-care operates between 7:30 to 16:00. There is no mentioning of what happens if parents come late. In particular, before the beginning of the study there was no fine for coming late. When parents did come late, one of the teachers had to stay and wait for them with the child(ren). Teachers would rotate on the task. The task of taking care of children when the parents were coming late to pick them up is considered part of the job of a teacher, and this fact is clearly explained to them at the moment of hiring.
Organization of the study
At the beginning of the study research assistants went to the day-care centers and asked the principals to participate in an academic study about the influence of fines. It was promised to each manager that at the end of the study she 3 will receive coupons for buying books with a value of NIS 500. The principals were given a telephone number at the university were they could call and verify the details (none of the principals actually did that).
The overall period of the study was 20 weeks. 4 In the first four weeks we simply recorded the number of parents coming late in each week. At the beginning of the fourth week, a fine was introduced in 7 out of the 11 day-care centers. 5 The decision in which day-care to introduce the fine was done randomly. The announcement about the fine was made with a note posted in the announcement board of the day-care center. Parents read the announcement on this board everyday, since important announcements are posted there (such as what to bring on the next morning). The announcement specified that the fine will be of NIS 10 paid for a delay of ten minutes or more. A translation from Hebrew is presented in Appendix 1A. Very rarely parents came after 16:30. The fine was per child; if for example parents had two children in the day-care, and they came late, they had to pay NIS 20. Payment was done at the end of the month, to the principal of the day-care. There are special payments made during the year, which are paid on a monthly basis to the owner, and the fines were added to these payments. The money was paid to the owner, and the teacher who was staying was not getting any additional money. The teachers were of course informed about the fine, but they were not informed about the study.
Registering the names of parents coming late was anyway a common practice.
After the 16 th week the fine was removed with no explanation. The cancellation was done with a note on the board with an announcement similar to the first one. If parents asked why the fines were removed, the principals were directed to reply that the fine had been a trial for a limited time, and that now the results of this trial were being evaluated.
Comparison with other payment and fines in Israel
A fine of NIS 10 in Israel today is relatively small, but not insignificant. 
Results
We start by presenting the raw data in Table 1 . The first column reports the number of the day-care center in our study, such that the first 7 are the day-care centers in which a fine was introduced and last 4 are the control group. The second column reports the total number of children in the corresponding day-care. The other columns reports the number of times per week that parents came late (each occurrence of a delay is a separate item). For example, in week 5, in day-care number 4, we see that 7 times parents came late to collect their child.
---------------------Insert Table 1 In the group with the fine the number of occurrences of a delay increased steadily in the first three-four weeks after the introduction of the fine, to finally settle at a level higher than the initial one. In the control group, on the other hand, no noticeable change takes place after week 4. The number of late arrivals seems to remain steady after the fine is removed. The rest of the discussion in this section is devoted to test this first informal impression. Table 2 reports the average number of late-coming parents in the different daycare centers, according to 4 stages in the study (the stage with the fine, weeks 4-17 is divided into two parts). The first statistical test we report (in Table A .1 in the Appendix) tests the hypothesis that the increase in the number of parents coming late is simply a time trend, independent of the fact that a fine was introduced. To test this we check whether a time trend exists in the control group. This might happen if, for instance, parents acquire overtime more familiarity with the teachers of the day-care and so feel more justified in stretching the rules a little. The regression shows that we can reject this hypothesis: we found no time trend in the data.
The second regression, presented in Table A .2 of the Appendix, is a linear regression of the number of late parents on the dummy variables for three possible states. The first is the state where no fine is present, the second where a fine has been introduced, and the third is the state where the fine has been introduced and later removed. As can be seen from the table, the effect of the fine is significant, that is, after the fine was introduced significantly more parents came late than before the fine was introduced. This is true also for the last period. That is, after the fine was canceled significantly more parents came late than before it was introduced. The coefficient in the state where the fine has been removed is greater than when the fine was introduced, but this difference is not significant.
A direct test of the hypotheses regarding the distribution of the random variable " number of parents coming late" is provided by the non-parametric MannWhitney U test. First, we find that the number of late-coming parents in the test group and in the control group, before the introduction of the fine (weeks 1-4), is not statistically different; (z=1.802, p<.072). Now we state our two main results.
Result 1:
The effect of introducing the fine was a significant increase in the number of late-coming parents. Two tests support this conclusion. First, the number of 
Interpretation of the results
Any model, or explanation, of these results has to provide two specific predictions: first, the fact that the rate of delay increases after the introduction of a fine; and, second, the fact that this rate is stable after the fine is removed.
The literature we have reviewed in section 2 does not seem to provide a satisfactory explanation for both these results. In particular, the controversial issue in the literature was whether punishment induces reduction in the relevant behavior or not. From either the theoretical or empirical point of view the possibility of an increase in the behavior which is being punished was not even considered.
The models investigated in the literature have at least three properties which are different from the environment of our study. First, the " crime" in our study is very mild, and so are the punishments.
Second, no uncertainty of punishment exist since parents are sure of being detected and fined. And the third difference is that there are no " general equilibrium effects" in our study simply because no other price changed after the introduction of the fine.
The model we suggest is different from all these models in one central assumption: we assume that the fine changes the perception of the agents about the social situation in which they are involved. We present here a few possible explanations of the data, mainly based on this assumption. Later we will discuss their relative merits.
The differential information-incomplete contract model
In the initial period parents that are not facing a fine can only refer to a partially specified contract to anticipate the consequences of a delay. During the initial operating weeks of the day-care, parents probably acquire some additional information.
For instance, they learn that for the mild level of occurrences of late arrivals that actually take place the penalty is not severe. This is of course not sufficient to know that the same would hold for worse behavior on their part. The implicit contract that the day-care center is presenting to the parents might for example be perceived as follows: " We are going to take care of your children after the closing time when you come late. We are not going to put a price schedule for this extra service, which will be therefore performed for free. Of course this is supposed to be an exceptional case, and you should come late only if it is strictly necessary. If you come late too often, we might do something about it." In order to avoid this unspecified and uncertain, but possibly more serious consequence, parents refrain from " too many" delays.
The introduction of the fine makes the sure consequence of a delay worse (because, on top of the above, parents have to pay for each delay), but provides information. Note that none of the explicit terms of the contract has changed, neither any of the relevant laws or the widely accepted social norms. The new information is relevant if we consider the incomplete contract between the owner and the parents.
The contract is incomplete since the exact terms of payment for coming late are not specified.
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The behavior in the first three-four weeks is also consistent with this explanation: parents are slowly testing the reaction of the day-care centers to higher levels of delays. As they see no reaction over and above the fine, they continue to increase their delay. In the final period, after the fine is removed, the information that the delay is not too bad of course persists. Parents keep coming late because they have learned this fact. If they slightly increase the number of times they come late it is because now the cost of doing so is even smaller than in the second period.
A simple formal model
We now outline, in an informal way, an explicit game to capture the importance of this new information. The players in the game are the day-care owner and a finite group of parents. For simplicity, the game goes on for an infinite number of periods, and players discount their utility of every period. Players play sequentially in each period. First the owner chooses an amount of fine out of a feasible set of fines. If the fine is non zero then she has to pay for the first period a fixed implementation cost. If the fine is zero she pays nothing. After that, each of the parents chooses simultaneously an amount of delay, out of a fixed interval. The payoff for the owner is the fee for that period, minus the cost, call it c, of the delay to her, all multiplied by the total delay.
The payoff to each parent is the value v of the delay (getting late to the day-care center has a value for him, say because it gives him some flexibility) minus the fee, all multiplied by the amount of the delay. The maximum amount of fee that the owner may charge is randomly determined. It is chosen at the beginning of the game and communicated to the owner only. To fix the ideas, we assume that it is either a large value A with probability p or a small value a, with A>v >c> a >0. This is the type of the owner. All the rest is known to every player.
We are going to describe an equilibrium of the game. It is convenient to begin the description from the strategy of the parents. They choose an amount of delay d which is just enough to make the owner indifferent between paying the cost of introducing the fee and charging zero fee, facing the delay d each time in the future.
Parents keep doing this until some of the parents have chosen a higher delay in the past, or the owner has charged a positive fine. After that, they simply choose in each period the delay that maximizes the payoff for that period.
The owner charges zero fee in each period, until all parents have chosen the delay d in each of the previous periods, and the owner herself has chosen a zero fine. If any of the players, including her, has deviated in the previous periods, she chooses the maximum feasible fine for all the future periods, irrespective of the action of the other players, including her, in the past periods. Of course, given the strategy, the choice of fine reveals completely her type.
For some p large enough this is an equilibrium. Again let us begin from the parents. Each of them does not choose a delay larger than d, because in the event of an owner with A as a maximum fee his value in future periods will be zero. For large p, sticking to the equilibrium is better than any one-period gain. After the deviation of some player, including himself, the best one period choice is the best choice, given that he will face in any case the maximum fine according to the owner' s type.
The owner is indifferent, if her type is A, between charging a fine or not (her future payoff is zero in both cases). If she is of type a she strictly prefers not to charge a fine.
This equilibrium is inefficient. Moreover, the following two facts are easy to see:
1. Suppose that, off the equilibrium path, a type a owner charges a fine a. In the equilibrium for that subgame parents now choose an amount of delay larger than d.
In fact, since v > a, they choose the maximum delay possible. This is now an efficient equilibrium.
2. Suppose that, in this subgame, the owner cancels the fine. Now the parents know that the owner type is a, and they choose the maximum delay possible.
Both facts, 1 and 2 above, match our data: in the first three-four weeks after the introduction of the fine the level of delay by the parents increased, and then it stayed constant after the fine was withdrawn. It is an off-the-equilibrium path, but in our study the introduction of the fine was not decided by the owner, but by us.
Rationalizations
A slightly different interpretation of the results may be the following. The parents may have thought that the fines were being paid, at least in part, to the teachers. This may have induced some of them to put less care in the time of arrival to the daycare center, because what earlier was a nuisance imposed on the teachers, could now look like a service against payment, although indirect. The parents knew that the payment of the fine was due at the end of the month, to the owner. They were never told that the teachers were being paid extra, and in fact if they asked, they were told that that the teachers will not be paid more than before the fine was introduced.
In any case, this reason is not very convincing. Usually a relationship between worker and employee is a relatively formal contract, with a well specified payment schedule, that is not likely to be altered as a consequence of changes in the policy of the firm towards the customers. In addition this explanation is particularly hard to believe in light of the results in the third phase. After the fine is removed, it is hard to believe that payments were still being made to teachers
The cognitive psychology explanation
A different interpretation of the results is possible. The introduction of the fine may change the perception of coming late and of taking care of the children after closure. According to this interpretation (that we may loosely call " cognitive psychology" ), in the first period the action of the teachers is interpreted by the parents as a generous, non-market activity. They might think as follows: " The contract with the day-care only covers the period until 4pm in the afternoon. After that, a teacher is just a nice person who is generous. I should therefore not abuse of his patience."
The introduction of the fine changes this perception into the following: " The teacher is taking care of the child as much as she does earlier in the day. In fact this activity has a price (which is called " fine" ). I will therefore buy of this service as much as needed." In the third period, the reasoning just above does not change. Simply, the price of a service has gone down.
Comparison with the IQ experiments
The explanation we have just suggested may seem more convincing in the light of a different but related experiment of the same authors, that we briefly describe here.
The experiments reported in Gneezy and Rustichini (1998) study the effect of rewards on performance. In one of them for instance we asked different groups of students to solve an IQ test. To one group we promised NIS 0.1 per question they answered correctly, to a second group we promised NIS 1, and to a third group NIS 3. Finally, we did not mention money to a fourth group. The first group had the worst performance, even worse than the last group to which no compensation was offered.
We seem to observe the same general regularity as in the current study: a price of zero is very different from not mentioning a price. In particular, a price of zero is not just a very low price.
Conclusions: Incomplete contracts and incentives
There seems to be little doubt on the fact that in our group of day-care centers the introduction of a fine increased the behavior that was fined, and that the behavior did not increase significantly when the fine was removed. These are the facts that we have to explain. These facts might be, in themselves, little more than a curious finding.
It is clear first of all that a large fee would eventually reduce that behavior. For instance, in many day care centers in the USA the fee for coming late is clearly announced at the start of the year, and is linear in the time of delay. Due to this proportionality, the resulting penalty is also more severe for the average delay than the one we introduce in our experiment, even after we adjust for the difference in prices and incomes in the two countries. We have not carefully examined if the average delay is different, but this would be an interesting research.
Second, a contract where the amount paid is proportional or monotonically increasing in the amount of the delay is likely to be closer to an efficient contract than the lump sum fine we introduced in the experiment.
Finally, the method of analytical economics applied to the theory of optimal fines (as summarized in Ehrlich (1996) ) reminds us that the relationship between fines and externality is not going to be a mechanical, direct implication of a smaller externality following from a higher penalty. This effect is going to be mediated by general equilibrium effects, that might weaken or even nullify the direct effect. Still we have tried to argue that the evidence we have, and in particular the paradoxical positive relationship in the second period cannot be explained in this usual way.
Fines, as well as rewards, are decided in a larger context, that we may define, for convenience, a game. Many of the games we face in real life are not completely and precisely defined. This is the case even when their description is reasonably accurate, as is, after all, a contract for child-care in a private day-care center. People facing this game do not come to it with simply their preferences and beliefs, but rather with a perception of the strategic situation they are facing. The contract that is presented to them may changes this perception. The evidence we have seen suggests that introducing a fine may also change this perception of the game, and of the equilibrium.
This change of perception may be a simple acquisition of information (as it is in the simple model we have proposed above), or it may be a more dramatic shift of perception, as we have tried to discussed above.
A final comment: there is no reason to believe that this effect is limited to minor faults, like a delay in the time of picking up one' s child. For instance, the statement of a government that tax evasion is going to be more severely pursued may be interpreted in different ways.
Appendix A1
Announcement: A fine for coming late
As you all know, the official time at which the day-care ends every day is 16:00. Since some parents are coming late we (with the approval of " Authority for
Private Day-Care Centers in Israel" ) have decided to impose a fine on parents coming late.
As of Sunday (January XX), a fine of NIS 10 will be charged for every time a child will be collected after 16:10. This fine will be calculated monthly and will be paid together with the regular monthly payment.
Sincerely,
The manager of the day-care Table A .2: Effects of the fees. The dummy variables are ``nf'' (there is no fee),`f '' (there is a fee), ``wf''(a fee was introduced and later removed). ------------------------------------------------------------------------ ------ Table A .3 Effects of the fees. The dummy variables are ``nf'' (there is no fee),`f '' (there is a fee), ``wf''(a fee was introduced and later removed). In addition, a time trend variable (``w'') is introduced. 
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